such that:
(2) ∥T n k y∥∥S n k z∥ → 0 for every y ∈ Y and every z ∈ Z.
Then T is supercyclic.
Remark 1.2 The Supercyclicity Criterion is a sufficient condition for assuring the supercyclicity of T ∈ L(X).
It is well known that the space of all (real or complex) sequences is defined as follows:
where K = R or C, Z (or N) is the set of all (nonnegative) integers. The natural concept of convergence is that of coordinatewise convergence. As we all know, the spaces l p (N), l p (Z), c 0 (N), and c 0 (Z) are separable subspaces of K N . We refer the readers to the book [9] by Grosse-Erdmann and Peris Manguillot . Similarly, we define the weighted sequence spaces l 2 (N, w), l 2 (Z, w), c 0 (N, w), and c 0 (Z, w), where w = (w i ) i is a positive weight sequence satisfying w i ≥ 1 for every i ∈ N (or i ∈ Z).
The weighted space l 2 (N, w), indexed over N, is defined by
The weighted space l 2 (Z, w) , indexed over Z , is defined analogously: The basic model of all shifts is the backward shift, defined as follows:
Rolewicz [13] showed that, for any λ with |λ| > 1, the multiples of B,
are hypercyclic on the sequence space l 2 (N). It is then a small step to let the weights vary from coordinate to coordinate, leading to the weighted shifts. Now given a bounded sequence a = (a l ) l of nonzero weights, let B a : X → X be unilateral weighted shift 
which is equivalent to
For other spaces we can obtain similar characterizations, so we omit them. In the following, we can always assume that B a is an operator on the space X due to Proposition 3.1.
Salas [14, 15] characterized the hypercyclicity and supercyclicity of B a in terms of the weighted sequence a = (a l ) l . For the bilateral weighted shift, we define the following: let (e j ) j∈Z be a basis in a separable Banach space X and a = (a l ) l∈Z be a bounded bilateral sequence of nonzero scalars; then the associated backward shift on X given by B a e j = a j e j−1 (j ∈ Z).
, it has been natural to study whether the hypercyclic
Bès and Peris [7] and, independently, Bernal [2] investigated the property of the orbits
They studied the case when one of these orbits is dense in X N endowed with the product topology. If there is some vector z ∈ X satisfying the above condition, the operators
Similarly, if there is some vectorẑ ∈ X such that the projective orbit
is dense in the product space X N , then the operators
In recent years, there have been some papers that studied the disjoint hypercyclic of finitely many weighted shifts. We refer the readers to section 4 in [7] and chapter 4 in [12] , respectively. The papers by Bès et al. [3, 4, 5, 7, 6 ], Salas [16, 17] , and Shkarin [18] further explored different aspects of disjoint hypercyclicity. In our paper, we mainly investigate the weaker property-disjoint supercyclic of weighted shifts acting on the weighed sequence spaces l 2 (N, w), l 2 (Z, w) , c 0 (N, w), and c 0 (Z, w). From another standpoint, we extend the results about disjoint supercyclic of weighted shifts in the paper [12] to general weighted sequence spaces. The structure of this paper is as follows: Section 2 gives some definitions and propositions. The disjoint supercyclicity of powers of weighted shifts acting on the weighted sequence spaces l 2 (N, w), l 2 (Z, w) , c 0 (N, w) , and c 0 (Z, w) are given in Sections 3 and 4.
Some definitions
To be more precise, we need to quote some definitions and propositions for our further application. In particular, the d-Supercyclicity Criterion will be used to show our main results. In the remainder of our paper, we will write d-supercyclic as the shortened form of disjoint supercyclic.
The following d-Supercyclicity Criterion is a generalization of theorem 1.1 and is due to Martin. 
Remark 2.3 The d-Supercyclicity Criterion is a sufficient condition for d-supercyclicity.
In the following proposition, we give an important necessary condition for the d-Supercyclicity Criterion.
Proposition 2.4 [12, Theorem 4.1.2] Let
N ≥ 2 and T 1 , · · · , T N ∈ L(X) satisfy the d-Supercyclicity Criterion. Then T 1 , · · · , T N have a residual set (i.e. a dense G δ set) of d-supercylic vectors.
d-Supercyclicity on
The following proposition shows that a weighted shift defines an operator on a Fréchet sequence space X as soon as it maps X into itself. In addition, X should carry a topology that is compatible with the sequence space structure of X. 
be a bounded sequence of nonzero scalars and let B a l : X → X be the associated unilateral backward shift on X :
The following statements are equivalent:
Considering the norms on the spaces c 0 (N, w) and l 2 (N, w) and employing (3.1), it follows that
, and w j ≥ 1 (j ∈ N), it follows that
From (3.4) we obtain (b).
Thus, each X j is a dense subset of X. Define the operators
as follows:
e j+1 (j ∈ N). Let y 0 , .., y N ∈ span{e j : j ∈ N}. Choose k 0 large enough so that 
It is obvious that
When the shifts on theorem 3.2 are invertible, we have:
, and let integers 1 ≤ r 1 < r 2 < · · · < r N be given, where N ≥ 2.
For each 1 ≤ l ≤ N, let B a l : X → X be an invertible unilateral backward shift on X , with weight sequence
The following statements are equivalent: In the following we obtain 2 special cases of theorem 3.2. Let B a be a unilateral shift on X , with weight sequence a = (a n ) n∈N . The following statements are equivalent: Let λ l ∈ C (1 ≤ l ≤ N ) and B : X → X be the backward shift defined as follows:
Then the following statements are equivalent: 
1)
and for 1 ≤ s < l ≤ N, 
Considering the norms on c 0 (Z, w) and l 2 (Z, w), it follows that
Now, fix |j| ≤ q and 1 ≤ s < l ≤ N. By (4.7) (since j + (r l − r s )m > q ), (4.6), and w j ≥ 1 (j ∈ Z),
Similarly, by (4.7) (since j + (r s − r l )m < −q ), (4.6), and w j ≥ 1 (j ∈ Z),
From the above 2 inequalities we get (4.2) and (4.3). Next we show (4.1). Fix |j|, |k| ≤ q and 1 ≤ s, l ≤ N. By (4.4), w j ≥ 1 (j ∈ Z), and 0 < δ < 1/2, it follows that for all j ∈ Z
Thus, by (4.7) (since j − r l m < −q ), (4.8), (4.5) (since k + r s m > q ), and (4.6),
From this we get (4.1).
(b)⇒ (c). From (b), there exist integers 1 ≤ n 1 < n 2 < · · · such that for every q ∈ N, 
Thus, each X j is a dense subset of X. Define S l : X l → X as follows:
It is obvious that 
Thus, from the above 3 inequalities, we obtain (i) of Definition 2.2. Now, let y 0 , · · · , y N ∈ span{e j : j ∈ Z}. Take k 0 ∈ N large enough such that When the shifts on theorem 4.1 are invertible, we have:
, and let integers 1 ≤ r 1 < r 2 < · · · < r N be given, where N ≥ 2. Similarly, we obtain 2 special cases of theorem 4.1.
Corollary 4.4
Let X = c 0 (Z, w) or l 2 (Z, w), and let integers 1 ≤ r 1 < r 2 < · · · < r N be given, where N ≥ 2.
Let B a be a bilateral shift on X , with a bounded weight sequence a = (a n ) n∈Z . Then the following statements are equivalent: 
